abstract: Endometriosis is a painful chronic female disease defined by the presence of endometrial tissue implants in ectopic (Ec) locations. The pathogenesis is much debated, and type-I interferons (IFNs) could be involved. The expression of genes of the type-I IFN response were profiled by a specific PCR array of RNA obtained from Ec and eutopic (Eu) endometrium collected from nine endometriosis patients and nine healthy control women. Transcriptional expression levels of selected IFN-regulated and housekeeping genes (HKGs) were investigated by real-time quantitative reverse transcriptase PCR (qRT-PCR). Stably expressed HKGs for valid normalization of transcriptional studies of endometrium and endometriosis have not yet been published. Here, seven HKGs were evaluated for stability using the GeNorm and NormFinder software. A normalization factor based on HMBS, TBP and YWHAZ expression was suitable for normalization of qRT-PCR studies of Eu versus Ec endometrium. In the endometrial cell lines HEC1A, HEC1B, Ishikawa and RL95-2, HMBS and HPRT1 were the most stably expressed. The IFN-specific PCR array indicated significantly different expression of the genes BST2, COL16A1, HOXB2 and ISG20 between the endometrial tissue types. However, by correctly normalized qRT-PCR, levels of BST2, COL16A1 and the highly type-I IFNstimulated genes ISG12A and 6-16 displayed insignificant variations. Conversely, HOXB2 and ISG20 transcriptions were significantly reduced in endometriosis lesions compared with endometrium from endometriosis patients and healthy controls. In conclusion, appropriate HKGs for normalization of qRT-PCR studies of endometrium and endometriosis have been identified here. Abolished expression of ISG20 and HOX genes could be important in endometriosis.
Introduction

Endometriosis and type-I interferons
Endometriosis is defined as the presence of endometrial-like tissue outside the uterus, and is predominantly targeting the pelvic organs (Giudice and Kao, 2004; Bulun, 2009) . The most common symptoms are pelvic pain and infertility. Estimates of the prevalence in women without symptoms are between 2 and 50%, and the incidence is 20 -30% in women with subfertility and 40-60% in women with dysmenorrhoea (Farquhar, 2007) .
The pathogenesis of endometriosis is much debated (Bulun, 2009 ). Endometrial tissue is believed to enter the pelvic cavity by retrograde menstruation, which occurs-to some degree-in most women (Sampson, 1927; D'Hooghe and Debrock, 2002) . However, it remains to be elucidated how the misplaced tissue develops into endometriosis lesions. This harmful survival of endometrial tissue outside the uterus is believed to be the result of a complex spectrum of contributing mechanisms (Giudice and Kao, 2004; Bulun, 2009) .
Women with endometriosis have an increased risk for generalized diseases related to the immune system, e.g. rheumatoid arthritis (Sinaii et al., 2002) , and an accumulating body of evidence points towards a critical pathogenic role of the immune system (Lebovic et al., 2001; Kyama et al., 2003; Matarese et al., 2003) . Here we focus on the putative implication of the important immune-modulating cytokine family of type-I interferons (IFNs), as a line of circumstantial evidence indicates that these could be involved.
IFNs are a family of secreted cytokines that are crucial in the amplification of an immune response. They exert their biological activities by binding to specific membrane receptors to initiate intracellular signaling pathways resulting in transcriptional induction of more than 300 IFN-stimulated genes (ISGs) (Der et al., 1998; Platanias, 2005) . Through the ISG expression, IFNs generate diverse functions involving antiviral, apoptotic, antiproliferative and immunomodulatory activities. The human type-I IFNs consist of IFNa (counting 13 subtypes), -b, -1, -k and -v (Platanias, 2005) and are secreted rapidly to high amounts by most cell types upon stimuli such as viral infection or other immune activators (Takaoka and Yanai, 2006) .
Transcription of IFNa is up-regulated in the human endometrium in the window of implantation (Li et al., 2001 ) and the ruminant type-I IFNt plays a significant role for receptivity of and implantation in the endometrium (Roberts, 2007) . This points toward a function of type-I IFNs in the human endometrium. Furthermore, IFNa and its receptor IFNAR2 has been found highly up-regulated in the window of implantation in the endometrium of women with versus without endometriosis (Kao et al., 2003) . The action or reaction of this up-regulation in endometriosis has not yet been investigated.
The approved drug Intron A (human recombinant IFNa-2b) has been proposed as a possible immunomodulatory therapeutic agent against the reoccurrence of endometriosis cysts after surgery. The hypothesis was that this could enhance the cytotoxic activity of macrophages and natural killer cells to reduce the growth of ectopic (Ec) endometrial tissue (Ali et al., 2000; Acién et al., 2002) . Intron A was found to suppress the growth of cultured endometriosis cells in vitro in a dose-dependent manner (Badawy et al., 2001) . Supporting this study, surgically induced endometriosis showed persistent and significant reductions in the implant sizes upon intraperitoneal or subcutaneous administration of human IFNa-2b in rats (Ingelmo et al., 1999) . A small clinical study has shown that the symptoms of pelvic endometriosis decreased 3 months after intraperitoneal injection of IFNa-2b (Ali et al., 2000) . However, a larger clinical study has shown that intraperitoneal administration of IFNa-2b following surgical treatment for endometriosis increases the cyst reoccurrence rate significantly after 21 months (Acién et al., 2002) . Hence, the normal anti-proliferative effects of type-I IFNs seem to be challenged in endometriosis. The possible involvement of type-I IFNs in endometriosis has not yet been further investigated.
In this study, 84 genes related to the type-I IFN response were screened for differential expression in eutopic (Eu) and Ec endometrium of endometriosis patients and healthy control women. The expression of the significantly dysregulated genes; bone marrow stromal cell antigen (BST2), collagen type XVI (COL16A1), homeobox protein (HOXB2) and IFN-stimulated gene product of 20 kDa (ISG20) as well as the highly IFN-stimulated genes ISG12A and 6-16 was further investigated by quantitative reverse transcription PCR (qRT-PCR).
The need for identification of stably expressed reference genes When studying the transcriptional expression of genes by qRT-PCR, accurate normalization of the measured expression level is absolutely crucial for the validity of the results. Applicable reference genes should be stably expressed across the tissues studied. However, even the most commonly used 'housekeeping' genes (HKG) have been shown to vary considerably across samples and tissues (Vandesompele et al., 2002; Andersen et al., 2004) . It is therefore essential to identify the most appropriate reference genes of the specifically studied tissues.
Stable reference genes of Ec and Eu human endometrium have not yet been identified. Previous studies of transcriptional levels in Eu versus Ec endometrium have used a single reference gene, such as GAPDH (Matsuzaki et al., 2006; Colette et al., 2009; Watanabe et al., 2009) and 18S (Wu et al., 2006; Lee et al., 2010) . In these studies, validation of the presumed stability of reference gene expression across the sample groups was not made. Here we investigate the expression of the commonly used reference genes GAPDH, HMBS, HPRT1, RPL13A, SDHA, TBP and YMHAZ in Ec and Eu human endometrium. 18S, ACTB and B2M were not included, since these genes have been shown to vary significantly with the menstrual cycle (Sahlin, 1995; Ejskjaer et al., 2009 ).
Materials and Methods
Subjects and samples
Tissue samples were collected at Odense University Hospital, Denmark, by the three gynecologists U.B.K., T.M. and H.R. Samples were taken from the Eu and Ec endometrium from nine women suffering from endometriosis (E). Of these nine women, one had endometriotic lesions rated at the revised American Fertility Score (rAFS) as stage 1, four had rAFS stage 2 and four had rAFS stage 3, as confirmed by laparoscopies and verified histologically by immunohistochemical detection of glandular tissue and staining for CD10, which is useful in addition for diagnosing endometriosis (Potlog-Nahari et al., 2004) . Ec tissue samples were obtained by biopsy forceps or scissor and came from the peritoneum or from one of the ovaries. Tissue samples from the ovaries were either superficial endometriosis implants or from the endometrioma cyst walls. Nine women with no indication of endometriosis, who requested sterilization, accepted to participate in the study as healthy controls (C). Samples from the endometrium were taken by curettage (vabra aspirator) in both the controls and the women with endometriosis. Cervical smears were tested negative for the presence of human papilloma virus, and all samples were tested negative for the presence of a series of common DNA viruses, as described previously (Vestergaard et al., 2010) . Serum levels of 17b-estradiol (E 2 ) and progesterone were measured by the hospital laboratory. The mean age (+SD) of the participants was 31.1 (+5.9) years for the endometriosis (E) group and 34.1 (+6.5) years for the control (C) group, and both groups included samples taken in the menstrual (M), proliferatory (P) and secretory (S) phases of the menstrual cycle (see Table I for patient details). All of the women were without hormonal treatment. Collection of clinical material was approved by the local ethics committee, and all of the women gave written informed consent.
Mammalian cell cultures
The mammalian endometrial carcinoma cell lines Ishikawa (European Collection of Cell Cultures, Sigma-Aldrich, Buchs, Switzerland), RL95-2, HEC1A and HEC1B were grown at 378C and 5% CO 2 . Ishikawa cells were grown in Dulbecco's Modified Eagle Medium (DMEM) and all other cell lines in DMEM/F-12 Media, both without Phenol Red (Gibco BRL/Life Technologies, Carlsbad, CA, USA), with 10% Fetal Bovine Serum (Gibco) and 1% antibiotics (100 U/ml penicillin, 50 mg/ml streptomycin) (Gibco).
For experiments, cells were seeded in 12-well dishes, grown overnight and then treated with 1000 U/ml IFNb or left untreated. After 24 h of incubation, the cells were harvested with trypsin-EDTA (Gibco).
RNA purification and cDNA synthesis
Frozen aliquots of 10 mg of tissue were dispersed with a rotor-stator-type homogenizer (Polytron PT 1200E, Kinematica, Lucerne, Switzerland) in 400 ml of the supplied lysis buffer and treated with proteinase K as described previously (Egyhazi et al., 2004) . For in vitro experiments, aliquots of 500 000 cells were used directly. Total RNA from the entire resulting supernatant was purified using the RNAquous Micro Kit (Ambion, Foster City, CA, USA). The RNA kit protocol was followed, including DNAse treatment. At this point, the RNA concentration was measured, and 1500 ng were used for cDNA synthesis with the moloney murine leukemia virus first-strand cDNA Synthesis Kit (Epicentre, Madison, WI, USA) with oligo(dT) 12 -18 primers (Invitrogen, Carlsbad, CA, USA) in a total volume of 50 ml. For cell lines, the RNA from three independent experiments was pooled prior to cDNA synthesis. For Eu and Ec tissue groups, sufficient RNA amounts were only obtained from seven to eight out of the nine samples, respectively. High RNA quality was confirmed using NanoChips with an Agilent 2100 BioAnalyzer. 
PCR array
Quantitative reverse transcriptase PCR
For qRT-PCR, primer sets (Table II) were designed using CLC Workbench (CLC Bio, Aarhus, Denmark), spanning gene introns to exclude potential genomic DNA contaminations from the template pool. Primer sequences for amplification of HMBS, HPRT1, RPL13A, SDHA, TBP and YWHAZ were found in the literature (Vandesompele et al., 2002; Girault et al., 2003) . The reaction conditions were optimized with regard to annealing temperature and primer concentration, and the reaction mixes were as follows: 
C, healthy control women; E, endometriosis patients; M, menstrual phase (Days 1-5 after first menstruation day); P, proliferative phase (Days 6-14); S, secretory phase (Days 15 -28). E 2 and progesterone concentrations denote serum levels.
a Used for PCR array.
Interferon response and housekeeping genes in endometriosis cDNA in total volumes of 20 ml. The results were obtained with the Mx3005P System (Stratagene), running a thermal program of 958C for 10 min and then 40 cycles of [958C for 10 s; 588C for 20 s (at the end of which the SYBR green fluorescence was measured); and 728C for 20 s]. After this, the samples were heated to 958C for 1 min and lastly cooled to 558C, and dissociation curves were obtained by measuring the decay of SYBR green fluorescence when heating the samples from 55 to 958C. Accurate PCR product band sizes were verified by standard agarose gel electrophoresis, and melting curve analysis of all four PCR products displayed single melting peaks. All obtained signal levels were normalized to the ROX reference dye levels for correction of errors due to differences in plastic ware transparency and reflectivity or aliquoting errors. Overall threshold fluorescence levels were determined with the default adaptive baseline method of the MxPro Software, and the resulting C t values were converted to quantities using the comparative C t method. This calculation incorporated the efficiencies of the reaction with each primer set, which were determined as described previously (Pfaffl, 2001) and are given in Table II . All logarithmic regression coefficients (r) were in the range of 0.992-1.000.
Gene stability analysis
The relative HKG quantities (calculated from C t values) were analyzed with the two freeware Microsoft Excel-based applications GeNorm (http:// medgen.ugent.be/~jvdesomp/genorm/) (Vandesompele et al., 2002) and NormFinder (http://www.mdl.dk/publicationsnormfinder.htm) (Andersen et al., 2004) by following the software instructions. GeNorm tests for overall stability of the HKG sample set using a pairwise comparison method, whereas NormFinder uses a model-based approach to minimize both inter-and intragroup variation.
Results
Array profile of IFN response genes in human endometrium and endometriosis
To identify genes differentially expressed between tissue sample groups, the expression of 84 genes related to type-I IFN-regulated molecular pathways were analyzed using the human IFN a, b Response RT 2 Profiler PCR Array system. Four samples of each of the groups were analyzed, control endometrium (C), Eu endometrium (Eu) and Ec endometrium. The four genes displaying the highest and most significant difference of expression were chosen for further analysis. BST2 and COL16A1 were significantly elevated in the Ec group compared with the Eu and C groups, whereas HOXB2 and ISG20 displayed the opposite pattern (Fig. 1) . Both ISG12A and 6-16, which are known to be highly up-regulated by type-I IFNs in a number of cell lines (Gjermandsen et al., 2000) , were also included The PCR array software normalizes the expression levels to a normalization factor (NF) based on the expression of B2M, HPRT1, RPL13A, GAPDH and ACTB. However, stable expression of these HKGs in the tissues studied here has not been confirmed.
Gene expression stability analysis of candidate HKGs in human endometrium and endometriosis
In order to validate the PCR array results using qRT-PCR, the transcriptional levels of seven candidate reference genes in the tissue samples were determined. The goal was to find one or more genes stably expressed across the sample groups for calculation of a NF in order to be able to perform reliable normalization of qRT-PCR results in the studied tissue types. The genes GAPDH, HMBS, HPRT1, RPL13A, SDHA, TBP and YMHAZ were chosen for this purpose due to their common use as reference genes. All seven genes were confirmed to be expressed in the uterus by their expressed sequence tag profiles obtained from the UniGene Database (NCBI, 2010). The commonly used genes ACTB, B2M and 18S were excluded due to their previously established cyclic variation (Sahlin, 1995; Ejskjaer et al., 2009) .
The expression level stability of the seven HKGs were first evaluated using the GeNorm software, which calculates an average expression stability value M for all candidate genes, of which the genes with the lowest M values are considered to be the most stable (Vandesompele et al., 2002) . The most stable gene pair was determined to be TBP and YWHAZ, after which sequential inclusion of the next most stable genes in the NF leads to an increased M value (Table III, Supplementary data, Fig. S1A ). The software calculates the pairwise variation V n /V n+ 1 between the NFs n and NF n+ 1 , where n is the number of genes included in the NF, in order to determine the necessity of including an additional control gene for normalization (Supplementary data, Fig. S1B ). When V n /V n+ 1 is high, the addition of the next most stable gene will have a significant effect on NF, and a cut-off value of 0.15 for this significance was suggested by the authors as a general rule. In this case, the lowest V n /V n+ 1 value is 0.19 (for V 5/6 ), which means that all seven genes should be included according to this guideline. However, the inclusion of more genes must also be weighed against the increasing M value and the practical limitations such as limited amounts of RNA. Furthermore, if the leaststable genes are expressed in a non-stable manner, for instance, by a variation correlated to the sample type, their significant effect on NF would not be preferred. The number of HKGs to include in the NF is therefore a subjective trade-off between the variables M, V and other considerations.
The GeNorm software output parameters are calculated by pairwise comparison of the stability of each input gene compared with all the other input genes across the sample set, regardless of sample groups. We next evaluated the HKG stability using the NormFinder software, which apply a model-based approach to rank the genes according to a stability value based on estimation of minimal interand intragroup variations (Andersen et al., 2004) (Supplementary  data, Fig. S2 ). NormFinder identified YWHAZ as the most stable gene, whereas TBP and HMBS were given as the most stable combination of two genes (Table III, Supplementary data, Fig. S2B ). In Supplementary data, Fig. S2A , it is seen that YWHAZ is indeed the gene with the smallest inter-and intragroup variation, whereas the Figure 1 PCR array profile of BST2, COL16A1, HOXB2, ISG20, ISG12A and 6-16 expression in endometrium of healthy control women (C), Eu endometrium from endometriosis patients and Ec endometrium from endometriosis patients. Equal amounts of purified total RNA was subjected to PCR array analysis and expression levels were calculated by the online software. Sample groups were compared pairwise using an unpaired twotailed t-test. *P , 0.05, **P , 0.01 and ***P , 0.001.
Interferon response and housekeeping genes in endometriosis combination of TBP and HMBS displays the advantage of roughly cancelling out the inter-group variations of each other. The authors suggest determining the optimal number of genes to be included in the NF by taking into account a number of considerations, including other algorithms, such as GeNorm, and possible co-regulation of the HKG between the sample groups.
The stability ranking of the candidate HKG by the two algorithms are seen in Table III , showing that the results of the two analyses display some similarities but are overall very different. If the two different kinds of tissue samples were instead analyzed separately using GeNorm, the stability ranking changed markedly (data not shown). For Ec endometrium, TBP and YWHAZ was the best combination, followed by HPRT1, HMBS, SDHA, GAPDH and lastly RPL13A, whereas GAPDH and TBP were the most stable gene pair in Eu endometrium (including both patients and controls), followed by HMBS, RPL13A, YWHAZ, SDHA and finally HPRT1. This highlights the disadvantage of the GeNorm algorithm of not taking into account the importance of comparing expression between sample groups. In contrast, NormFinder also gives a stability ranking of the genes separately, but in addition it recommends the best combination of two genes for normalization of sample groups to be compared, which-in this case-is far from the best ranking genes. This leads to the conclusion that the NormFinder algorithm is more appropriate for analyzing the HKG stability of Eu versus Ec endometrium.
For calculation of the NF for normalization of the tissue sample data of this study, the two genes TBP and HMBS were first chosen, as they were identified by NormFinder to be the given best combination of two genes. Secondly, the top-ranking gene YWHAZ was included because of its low inter-and intragroup variation and this gene was also in the top-ranking pair of the GeNorm analysis. The next most stable gene, HPRT1, was not included due to a large intragroup variation. The resulting NF is shown in Fig. 2A . None of the three genes selected for the NF varied systematically according to the menstrual cycle phase or to serum levels of 17b-E 2 or progesterone. As shown in Fig. 2B , GAPDH expression normalized to the NF is systematically lower in the Ec group compared with the Eu and C groups.
Gene expression stability analysis of candidate HKGs in endometrial cell lines
The four endometrial cell lines HEC1A, HEC1B, Ishikawa and RL95-2 were treated with IFNb or not treated, and the stability of the seven HKGs was analyzed and ranked ( Table III ). Given that Andersen et al. recommends a minimum of eight samples per group, the four cell lines were not grouped separately but analyzed collectively.
GeNorm analysis pointed out HMBS and RPL13A as the most stable pair with HPRT1 ranking third (Table III, Supplementary data, Fig.  S1C ), whereas NormFinder identified HPRT1 and then HMBS as most stable genes, placing RPL13A as the sixth most stable gene out of seven (Table III, Supplementary data, Fig. S2C ). According to the recommended pairwise variation cut-off value of 0.15, GeNorm recommends the inclusion of the three best ranking genes, but RPL13A ranked poorly in the NormFinder analysis and should therefore not be included. A NF based on HMBS and HPRT1 could seem like a good choice for normalization. However, the two genes displayed similar regulation patterns but very different values, which lead to high standard variation of the NF. Instead, normalization to either one of these two genes yielded analogous results with acceptable standard deviations and is, in this case, more appropriate than the use of a NF. HPRT1 was chosen for normalization of qRT-PCR analysis of gene expression in the endometrial cell lines.
Expression levels of selected IFN response genes in human endometrium and endometriosis
The transcriptional expression of the four genes BST2, COL16A1, HOXB2 and ISG20 in the tissue samples were determined by qRT-PCR, and the expression levels were normalized to the determined optimal NF (Fig. 3) . The expression levels of the known IFNstimulated genes ISG12A and 6-16 were also determined, and these were in concordance with the PCR array not significantly different between the groups. The expression levels of BST2 and COL16A1 also displayed some variation but no significant differences between the groups. The qRT-PCR did therefore not confirm the significant differences in BST2 and COL16A1 expression seen in the PCR array results. On the contrary, both ISG20 and HOXB2 displayed highly (P , 0.01) and extremely (P , 0.001) significant down-regulation in Ec endometrium (for both ovarian and peritoneal endometriosis), thus confirming the PCR array results for these genes and for ISG20 even increasing in significance. None of the genes studied varied systematically according to the menstrual cycle phase or to serum levels of 17b-E 2 or progesterone. Furthermore, when analyzed specifically, the differences between the groups were not related to any of these parameters. If the qRT-PCR results of this study are normalized to GAPDH instead of the calculated NF, the expression pattern of HOXB2 is unchanged, while the significance of the differential ISG20 expression disappears (Fig. 4) . Contrarily, BST2 expression normalized to GAPDH appears significantly up-regulated in the Ec endometrium. The expression patterns of COL16A1, ISG12A and 6-16 within the groups also appear altered by normalization to GAPDH instead of the NF; however, the expression levels are still insignificantly different between the groups.
Transcriptional induction of selected IFN response genes by IFN b in human endometrial cell lines
The putative regulation of the genes BST2, COL16A1, HOXB2, ISG20, ISG12A and 6-16 by type-I IFNs in endometrial cell lines was examined by stimulation with IFNb and subsequent determination of gene expression levels by qRT-PCR. The expression levels were normalized to HPRT1 to obtain relative expression levels. As shown in Fig. 5 , BST2 and COL16A1 were induced significantly by IFNb in HEC1A and Ishikawa cell lines. In HEC1B and RL95-2 cells, BST2 was induced below significance, whereas COL16A1 expression was slightly reduced. HOXB2 and ISG20 were significantly induced in HEC1A, Ishikawa and RL95-2 cells but only insignificantly in HEC1B cells. The expression of HOXB2 was generally very low, except in HEC1B cells (data not shown). ISG12A and 6-16 were significantly induced by IFNb in all four cell lines, and this induction was particularly high in Ishikawa and RL95-2 cells.
Figure 2 NF (A) and relative expression of GAPDH (B) of samples from endometrium of healthy control women (C), Eu endometrium from endometriosis patients and Ec endometrium from endometriosis patients. cDNAs of equal amounts of purified total RNA were subjected to qRT-PCR. NF was calculated as the geometric mean of the expression levels of the genes TBP, HMBS and YWHAZ. Numbers denote individual patients or controls. Error bars denote the standard variation as calculated using the error propagation rules for independent variables.
Interferon response and housekeeping genes in endometriosis
Discussion
In this study, the expression stability of seven HKGs in the Eu and Ec endometrium of endometriosis patients and control women were analyzed. The algorithms GeNorm and NormFinder were applied, and the three genes TBP, HMBS and YWHAZ were identified as the best set of normalization genes for comparing Eu and Ec endometrium sample groups. To our knowledge, no variation of these genes with Figure 3 Correctly normalized expression of BST2, COL16A1, HOXB2, ISG20, ISG12A and 6-16 in endometrium of healthy control women (C), Eu endometrium from endometriosis patients and Ec endometrium from endometriosis patients. cDNAs of equal amounts of purified total RNA were subjected to qRT-PCR, and expression levels were normalized to a NF calculated from the expression levels of HMBS, TBP and YWHAZ. Sample groups were compared pairwise using an unpaired two-tailed t-test. **P , 0.01 and ***P , 0.001. Figure 4 GAPDH-normalized expression of BST2, COL16A1, HOXB2, ISG20, ISG12A and 6-16 in endometrium of healthy control women (C), Eu endometrium from endometriosis patients and Ec endometrium from endometriosis patients. cDNAs of equal amounts of purified total RNA were subjected to qRT-PCR, and expression levels were normalized to the expression of GAPDH. Sample groups were compared pairwise using an unpaired two-tailed t-test. *P , 0.05, **P , 0.01 and ***P , 0.001. menstrual cycle has been reported, and TBP is furthermore known to be stably expressed in ovarian cancer (Li et al., 2009) . This is evidently the first study identifying stably expressed reference genes in Eu versus Ec endometrial tissues. In endometrial cell lines, HPRT1 and HMBS were the most stably expressed genes in agreement between the GeNorm and NormFinder analyses. A NF based on these two genes or normalization to either of the two is recommended, depending on whether the co-expression levels are similar or different. Identification of stably expressed reference genes in endometrial cell lines have not been reported previously.
GAPDH is commonly used as a single normalization gene in qRT-PCR studies. Out of the seven reference genes analyzed here, GAPDH was the worst scoring candidate for normalization when comparing Eu and Ec endometrium sample groups. However, if only analyzing Eu endometrium, GAPDH was one of the two top-ranking candidate genes. Still, caution should be made before using GAPDH as a single normalization gene in endometrial studies, given that it displays cyclic regulation in the bovine endometrium and is induced by the bovine type-I IFN-tau (Hansen et al., 1997) . Furthermore, a microarray study points towards RPL19 as more stable than GAPDH in Eu endometrium (Talbi et al., 2006) . HPRT1, RPL13A and SDHA were all intermediately scoring candidates.
Out of 84 genes related to the type-I IFN system, the four genes BST2, COL16A1, HOXB2 and ISG20 were found to vary most significantly between the sample groups in the PCR array results. These four genes were all induced by IFNb in endometrial cell lines. However, in properly normalized qRT-PCR experiments using higher sample numbers, only HOXB2 and ISG20 displayed significant differential expression. This difference between the PCR array and the qRT-PCR results could be due to difference in sample group sizes. More importantly, it could also be caused by inappropriate normalization of the PCR array results, which were automatically normalized to B2M, HPRT1, RPL13A, GAPDH and ACTB. B2M and ACTB levels have been shown to vary with the human menstrual cycle (Sahlin, 1995; Ejskjaer et al., 2009) , and HPRT1, RPL13A and GAPDH were among the least stable genes in the two tissue sample stability analyses.
When normalizing the qRT-PCR results to GAPDH instead of the calculated NF, the low GAPDH expression in the Ec group distorts the results so that the expression of the genes appears higher than when correctly normalized. The loss of significance of the differential ISG20 expression represents a false negative result. Moreover, BST2 expression normalized to GAPDH displays false positive significant differences of the Ec group compared with the C and Eu groups. This demonstrates the extreme importance of correct normalization of qRT-PCR data. Moreover, these inaccurately normalized results show similarities to the results of the PCR array. This information points towards the fact that the PCR array outcome is inaccurately normalized when applied to endometrial tissue samples.
It could be speculated that the type-I IFNs through their immunomodulatory effects are involved in the pathogenesis of endometriosis. Figure 5 Expression of BST2, COL16A1, HOXB2, ISG20, ISG12A and 6-16 in endometrial cell lines. Cells were treated with 1000 U/ml IFNb or left untreated and harvested after 24 h. cDNAs of equal amounts of purified total RNA were subjected to qRT-PCR, and expression levels were normalized to the expression levels of HPRT1. Induction was considered significant if more than 2-fold and is marked with asterisks.
However, when screening endometrial and endometriosis tissues using a specific PCR array, only a few out of the 84 genes involved in the type-I IFN response were significantly dysregulated, and only two of these significances were verified by qRT-PCR. The highly type-I IFN-stimulated genes ISG12A (also called p27, IFI27) and 6-16 (also called IFI6, G1P3) were induced by IFNb in all four endometrial cell lines tested. However, these were not significantly differently expressed between the sample groups. This indicates that the expression of type-I IFN-stimulated genes within the cells do not play a crucial role in the pathogenesis of endometriosis.
The insignificantly increased values of the means of BST2 and COL16A1 of the Ec group appear to be caused by single high-value outlier values (Fig. 3) . The COL16A1 gene encodes collagen XVI, a component of extracellular fibrillar networks (Kassner et al., 2004) , and it is not improbable that a few cases of Ec endometriosis implants produce increased amounts of this structural protein. BST2 codes for BST2, a transmembrane glycoprotein (Ohtomo et al., 1999) , which is up-regulated by IFNa and inhibits the release of retroviral proteins by retention of formed virions on infected cell surfaces, a mechanism termed tethering (Neil et al., 2008) . The BST2 protein is believed to have other conserved important host functions (Tokarev et al., 2009) and is suggested to be involved in pre-B-cell growth (Ishikawa et al., 1995) as well as linking adjacent lipid rafts within the plasma membrane (Kupzig et al., 2003) . Furthermore, BST2 binds directly to the receptor immunoglobulin-like transcript 7 on the surface of plasmacytoid dendritic cells and strongly inhibit their substantial production of type-I IFNs and interleukin-6 (Cao et al., 2009) . Importantly, BST2 is up-regulated 5-fold in endometrial cancer compared with normal endometrium (Wong et al., 2006) . The Ec endometrial outlier value displaying high BST2 expression could be caused by corresponding conditions.
The transcriptional expression of ISG20 (IFN-stimulated gene product of 20 kDa, also called HEM45 and CD25) was shown by valid qRT-PCR to be highly significantly down-regulated in Ec endometriosis lesions. ISG20 transcription is induced synergistically by type-I and II IFNs (Sanda et al., 2006) , induced by estrogen (Pentecost, 1998) , and regulated in a progesterone-dependent manner in mice, especially in the mouse endometrium (Jeong et al., 2005; Pan et al., 2007) . This gene codes for a 3 ′ -5 ′ exonuclease with specificity for single-stranded RNA (and to a lesser extent for DNA) (Nguyen et al., 2001) , which is localized in the nucleus and is associated with promyelocytic leukemia (PML) protein nuclear bodies (Gongora et al., 1997; Zhong et al., 2000) . The ISG20 protein mediates antiviral effects of IFNs by a yet unestablished mechanism (Espert et al., 2003) . The exonuclease has been proposed to down-regulate the estrogendependent transcriptional response by degrading estrogen-induced mRNAs within PML oncogenic domains (Nguyen et al., 2001) . However, the subcellular localization of ISG20 in the nucleus argues for its involvement in the maturation rather than in the degradation of RNAs (Degols et al., 2007) . The potential involvement of abolished ISG20 expression in the pathogenesis of endometriosis should be further investigated. The extremely significant down-regulation of HOXB2 in Ec endometrium group compared with Eu endometrium of both endometriosis patients and control women is noteworthy. HOXB2 (also called HOMEOBOX B2, HOX2 and HOX2H) is part of the HOX gene family of regulatory genes coding for specific nuclear proteins that act as transcription factors involved mainly in embryonic development (Inamura et al., 2007) . The HOX genes are dynamically expressed in the endometrium, where they are necessary for endometrial growth, differentiation and implantation (Cakmak and Taylor, 2010) . Furthermore, Hox proteins are molecular mediators of the steroid hormones during endometrial cell development (Gao et al., 2004) .
One HOX gene has been studied previously in relation to endometriosis. HOXA10 is normally up-regulated in the endometrium during the window of implantation but this up-regulation is abolished in women with endometriosis (Taylor et al., 1999) . The authors suggest that a HOX gene-related defect in endometrial development exists in patients with endometriosis. In baboons with endometriosis, the endometrial transcription of HOXA10 decreases sequentially after the onset of disease over 16 months, and a putative inhibitory role of HOXA10 in decidualization (adaption of the uterus to enable embryo implantation) has been suggested (Kim et al., 2007) . Recently, a systematic dysregulation of HOX genes in Ec versus Eu endometrium has been demonstrated (Borghese et al., 2008) , including the downregulation of HOX-B genes, correlating well with the findings of this study.
It has been reported that the HOXB2 protein binds to the IFN-induced protein p205 (Asefa et al., 2006) , but HOXB2 is among the least studied HOX proteins, and not much is known about its specific function. In the endometrial carcinoma cell lines studied here, HOXB2 expression is induced by IFNb, but the levels of HOXB2 were very low in three out of four endometrial cell lines. It is known that HOXB2 transcription is down-regulated in IFNa-resistant melanoma cell lines (Spagnoli et al., 2000) , and it could be suggested that abolished HOXB2 induction by type-I IFNs is a common feature of endometriosis and endometrial carcinomas. Further studies are needed to determine the mechanism and implications of the abolished HOXB2 expression in endometriosis lesions. Moreover, it would be very interesting to investigate the expression of more genes of the HOX family in endometriosis.
The differences in gene expression identified in this study did not vary systematically according to serum levels of ovarian hormones or to menstrual cycle phase. The menstrual phase was ascribed based on hormone profile and reported cycle day. Unfortunately, additional histological endometrial dating using Noyes criteria (Noyes et al., 1950) could not be performed. Therefore, a systematic cyclic regulation of the genes in question cannot be excluded, and the potential influence of this should be addressed in a larger study.
In summary, we have identified suitable reference genes for normalization of qRT-PCR studies of Eu and Ec endometrial tissues. Type-I IFNs do not seem to be directly involved in the pathogenesis of endometriosis, but the transcriptional expression of the genes ISG20 and HOXB2 is abolished in the Ec endometrium of endometriosis patients, and further studies are need to elucidate the mechanism and importance of this result.
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